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SYSTEMS AND METHODS FOR PERFORMING REACTIONS IN AN UNSEALED 
ENVIRONMENT 

RELATED APPLICATIONS 

Benefit of priority to U.S. application Seriai No. 09/266,409 to Thomas 
5 Becker, Hubert Koster and Charles Cantor, filed March 10, 1999, entitled 

"SYSTEMS AND METHODS FOR PERFORMING REACTIONS IN AIM UNSEALED 
ENVIRONMENT" is claimed. Where permitted the subject matter of this 
application is incorporated by reference in its entirety. 
FIELD OF THE INVENTION 

10 Systems and methods for performing a reaction in a small volume without 

incurring an undesirable loss of the reaction volume due to evaporation are 
provided. In particular, systems and methods for performing reactions involving 
polymers, particularly biopolymers, in a reaction volume of a few microliters or 
less in an unsealed environment are provided. 

15 BACKGROUND INFORMATION 

Technological advances have allowed an examination of previously 
(indiscernible phenomena. Such advances are particularly notable in the 
biological sciences, where the chemical and physical structures of many 
biopolymers have been described, and where such biopolymers, including DNA 

20 and proteins, routinely are synthesized and sequenced. 

Although methods such as nucleic acid sequencing and synthesis have 
contributed to understanding the structure and function of biological molecules 
and their relationships to disease, the limitations of such methods are apparent. 
For example, it generally is agreed that knowledge of the entire sequence of the 

25 human genome would provide valuable insight into the prevention and treatment 
of disease. The human genome, however, contains over one billion nucleotides 
and a huge expenditure of labor and money would be required to sequence the 
entire human genome. Furthermore, using currently available methods, many 
years will be required to see the project to completion. 
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Similarly, it is a goal of most clinical researchers to develop rapid and 
simple tests for determining whether an individual has a disease or predisposition 
to a disease. In many cases, the signs and symptoms of many genetic diseases 
do not become apparent unti! an individual reaches a certain age or stage of 
5 development. Knowledge that an individual has a predisposition to a genetic 
disease can allow the clinician to take prophylactic measures to minimize or 
delay onset of the disease, ideally, all individuals wouid be screened for 
potential genetically determined diseases, including screening a iarge number of 
genes in each individual. Unfortunately, such routine screening currently is not 

10 feasible because the assays are time consuming and the reagents for performing 
such assays are expensive and limited in availability. 

In an effort to reduce the time and cost for analyzing biopolymers, 
including genes and proteins, processes are being developed to automate the 
analytic procedures, Automation provides a means for performing repetitive 

15 processes almost continually, except for periodic breaks for equipment 

maintenance, and allows researchers and technical staff to devote more time to 
other endeavors, including interpreting the results produced by the automated 
assays and troubleshooting problems that may arise. Automation of repetitive 
processes also provides the advantage that the likelihood of errors occurring, for 

20 example, due to fatigue or distraction is reduced and, therefore, more accurate 
results can be obtained. 

The application of nanoteehnoiogy to the biological sciences promises to 
provide the next breakthroughs relating, for example, to the analysis, synthesis 
and utilization of biopolymers. Nanoteehnoiogy, which provides processes and 

25 apparatuses for performing procedures on a very small scale, has been 

developed by the semiconductor industry in order to produce smaller and smaller 
microchips, and to allow placement of a continually increasing number of 
instructions on a microchip. 

Efforts are in progress to apply nanoteehnoiogy to chemical and biological 

30 procedures, thereby providing a means to perform assays in very small volumes, 
generally a few hundred nanoliters or less. Application of nanoteehnoiogy to 
biological assays can be particularly valuable because a critical i imitation of 
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many biological assays is the amount of biological materia! available for analysis. 
By performing such assays in nanoltter volumes or smaller, the effective 
concentration of a biopolymer in a biological reaction is increased, thereby 
providing the necessary kinetics for a biological reaction to proceed. In addition, 
5 the ability to perform biological assays in nanoiiter volumes can provide a 

significant cost savings because much smaller amounts of reagents, which can 
be very expensive, can be utilized in the reactions. 

The application of nanotechnology to biological assays has been hindered, 
in part, by the difficulty in manipulating and maintaining such smali volumes. 

10 Many biological assays, for example, are performed in aqueous conditions, using 
water as a solvent, and at elevated temperatures, generally at least 37"C, which 
is human body temperature. Water, like many liquid solvents, is susceptible to 
evaporation and, therefore, as the time or temperature of a reaction increases, 
the loss of water due to evaporation increases and the volume of the reaction 

15 decreases. As a result of evaporation, the effective concentration of reagents in 
the reaction increases, thereby changing the conditions of the reaction. Since 
most biological assays are quite sensitive to reaction conditions, loss of water or 
other solvent from a reaction can result in an assay that produces spurious 
results. Any loss of a solvent such as water is particularly deleterious when the 

20 reaction contains only a few hundred nanoliters or less of the liquid, since the 
reaction quickly can evaporate to dryness. 

Various methods have been used to minimize the loss of solvent in a 
reaction due to evaporation in biochemical assays. For example, reaction 
mixtures can be drawn into glass capillary tubes, which then are sealed at both 

25 ends for the reaction. Small volume glass capillary tubes can be expensive, and 
the use of such tubes requires additional steps, including sealing and unsealing 
the tube, the latter which can produce glass shards. 

In many cases, reaction mixtures are performed in a microcentrifuge tube 
or other open chamber, and evaporation is minimized by overlaying the reaction 

30 mixture with wax, mineral oil, or other nonvolatile compound during the reaction. 
Such a method, again, requires additional steps, including removing the sealing 
material following the reaction. In order to remove all or most of the sealing 
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materia!, which can otherwise contaminate the sample and hinder further 
analysis, some loss of the sample being assayed inevitably occurs. Since most 
biologicai samples are limited to begin with, any loss of sample can preclude an 
interpretation of the results of the assay, in general., any additional 
5 manipulations of a sample wifl incur extra cost, either in terms of time or money, 
and loss or contamination of the sample. 

More recently, biological reactions have been performed on microchips, 
which convenientiy can be adapted to automated processes. Such microchips 
have been designed having a system including, for example, chambers, which 

10 hold the reactants, and channels, which connect the chambers and in which the 
reactants can be mixed and a reaction performed. Since the channels, in which 
the reaction occurs, provide a sealed or closed environment, there is iittle or no 
evaporative ioss of the reaction volume. Thus far, however, the technology for 
preparing such a device aiiows for the placement of only one or few of such 

15 closed systems on a single microchip and, therefore, the number of reactions 
that can be performed at one time on a single chip is limited. Thus, a need 
exists for systems useful for performing reactions in a volume of a few 
microliters or less in an unsealed environment. Therefore it is an object here to 
provide systems and methods that satisfy this need and also provide additional 

20 advantages. 

SUMMARY OF THE INVENTION 

Systems are provided for performing a reaction in an unsealed 
environment. The systems are used for any desired reaction, including, but not 
limited to in situ biopoiymer or polymer synthesis, such as nucleic acid and 

25 protein syntheses, protein and nucleic acid sequencing methods, such as 
oligonucleotide-based primer extension, nucleic acid amplification reactions, 
protein and nucleic acid protease- or nuciease-based degradations and others. 

A system as disclosed herein is an open system for performing a reaction, 
such as a synthetic reaction or an assay, particularly in a subrnicroiiter volume. 

30 The systems can include a support for performing the reaction; a nanoliter 

dispensing pipette for dispensing a submicroiiter amount of a liquid to a target 
site on the support; a temperature controlling device for regulating the 


WO 00/56446 


PCT/US00/06288 


temperature of the surface of the support; and means for controlling the amount 
of liquid dispensed, where the amount of liquid dispensed corresponds to the 
amount of liquid evaporated from the support. A means for controlling the 
amount of liquid dispensed can include computer software that calculates the 
5 rate of evaporation and signals the dispensing pipette to deliver an amount of the 
liquid that corresponds to the amount lost due to evaporation. A means for 
controlling the amount of liquid dispensed also can be manual input, which can 
be performed by an individual. 

A system as disclosed herein also can include a temperature measuring 

10 device for measuring the temperature of the surface of the support. The support 
can be any support having a surface, including, for example, a bead, pin, comb, 
wafer, well or microchip, and the support can be functionaiized such that a 
substrate, for example, a btopolymer can be linked, either directly or indirectly 
via covalent or norvcovalent interactions, to the support and immobilized. 

15 An open system, as disclosed herein, also can include a solid support, 

which has a target site that can contain a volume of liquid, for example, a 
reaction mixture; a liquid dispensing system, which can dispense a liquid to the 
target site; a temperature controlling system, which can regulate the temperature 
of the solsd support; and an interface, which can indicate an amount of liquid to 

20 be dispensed to the target site from the liquid dispensing system. An interface 
can include, for example, a computer using an appropriate algorithm or software. 
A computer can monitor the temperature of the solid support and, based on 
various parameters, including, for example, the chemical nature of the liquid, the 
surface area of the liquid exposed to the environment, and the time the liquid is 

25 maintained at a particular temperature, and can provide information as to the 

amount of liquid to be dispensed from the liquid dispensing system to the target 
site to maintain the liquid at a predetermined volume. Based on that information, 
the liquid dispensing system can be manipulated manually, to dispense the liquid 
to the target site, or can be controlled automatically, for example, by interfacing 

30 it with the computer. In a system as disclosed herein, the amount of liquid 

dispensed from a liquid dispensing system to a target site generally corresponds 
to an amount of liquid lost from the target site due to evaporation, although the 
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amount added also can be an initial amount added to a target site or an amount 
added to modify the conditions of a reaction. 

An open system., as disclosed herein, aiso can include a solid support 
having a target site; a liquid dispensing system, which can dispense a liquid to 
S the target site; a temperature controlling system, which regulates the 

temperature of the solid support; and means for regulating an amount of liquid 
dispensed from the liquid dispensing system. In addition, an open system, as 
disclosed herein, can have a means for containing a reaction mixture; a means 
for dispensing a liquid; a means for controlling the temperature of the reaction 

10 volume containing means; and means for regulating an amount of liquid 
dispensed from the liquid dispensing means, 

A means for regulating an amount of liquid dispensed can be a computer 
having an appropriate algorithm , Such a computer can interface with the solid 
support, thereby monitoring the temperature of the support, and can provide an 

15 indication of an amount of liquid to be dispensed to a target site to maintain a 
predetermined volume, for example, of a reaction volume. The computer can 
cause to be displayed the amount of liquid to be dispensed, such that an 
individual can manipulate the liquid dispensing system and dispense the liquid, or 
the computer can further interface with the liquid dispensing system, thereby 

20 causing the amount of liquid to be dispensed. In addition, charts can be 

developed that predict the amount and rate of evaporation of a particular solvent 
at a particular temperature and, based on such charts, an individual can 
manipulate the liquid dispensing system as necessary. Also, a decrease in the 
volume of a Itquid due to evaporation can be identified directly by including the 

25 liquid in a circuit, wherein, when the liquid falls below a predetermined point, the 
circuit is broken, thereby indicating that a liquid should be dispensed to the 
target sit© until the circuit is reestablished. 

Methods for maintaining a volume of a liquid in an unsealed environment 
also are provided, A method for performing a reaction in a predetermined 

30 submicroliter volume in the open can be performed by dispensing the 

predetermined submicroliter volume of liquid onto the surface of a support; 
optionally monitoring the temperature of the substrate; determining the amount 
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or rate of evaporation of the liquid from the support; and dispensing a further 
amount of the liquid to the surface of the support., wherein the further amount 
dispensed corresponds to the amount lost from the support due to evaporation, 
thereby maintaining the reaction volume at a predetermined volume throughout 
5 the course of the reaction. Such a method also can be performed, for example, 
by determining the temperature of a solid support, which has a target site that 
can contain a volume of liquid; and, based on the temperature, dispensing at the 
target site an amount of liquid required to maintain a predetermined volume of 
the iiquid. The amount of liquid to be dispensed can be determined using a 

10 computer algorithm, which, based on various parameters, including the 

temperature of the support, the chemical nature of the iiquid, the surface area of 
the iiquid exposed to the environment, and the volume to be maintained, can 
indicate the amount of iiquid that evaporates from the site and, therefore, the 
amount of liquid to be dispensed to maintain a predetermined volume. The 

15 volume of a iiquid on a target site aiso can be monitored, for example, by 

microscopic examination, using an appropriate optica! system or a video imaging 
device, such that, as the volume of a iiquid at a target site decreases due to 
evaporation, a corresponding amount of liquid can be dispensed to maintain the 
volume within acceptable parameters. 

20 Methods^ for performing a reaction in an unsealed environment aiso are 

provided. Such a method can be performed, for example, by determining the 
temperature of a solid support., which has a target site containing a volume of 
the reaction mixture, or determining the rate or amount of evaporation of liquid 
from the reaction mixture; and dispensing into the reaction mixture an amount of 

25 iiquid required to maintain the volume at a predetermined ievei. Such a method 
is particularly useful where the reaction mixture has a volume of a few 
microliters or less, particularly a volume of about 500 nanoliters or less. The 
disclosed methods also are useful for performing subrnicroirter reactions at 
temperatures where the vapor pressure of a liquid in the reaction mixture is 

30 undesirably high, for example, about 2.5 kiloPascals {kPa} or greater, particularly 
about 5 kPa or greater, or about 10 kPa or greater, such that evaporation of the 
liquid can substantially change the volume of the reaction mixture and adversely 
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affect the reaction. As such, the disclosed methods are usefui for performing 
various chemical, physical and biological reactions, for example, a polymerase 
chain reaction, or a nucleic acid or polypeptide synthesis or sequencing reaction 
or other reaction or assay performed on a solid support. 
§ Exemplary reactions are demonstrated. The PROBE reaction and PCR 

amplification were performed in an unsealed environment and analyzed by either 
mass spectrometry or gel electrophoresis. It is preferred that the reactions mix 
not include any detergent to avoid foaming. 
BRIEF DESCRIPTION OF THE DRAWING 

10 Figure 1 provides an exemplary embodiment of an open system for 

performing a reaction m an unsealed environment. A liquid is contained on a 
target site on the surface of a microchip, which is in a holder that ts integrated 
with a Peltier element and thermistor. The temperature of the Peltier 
element/thermistor is regulated by a temperature controller, which is interfaced 

15 with a computer, and the temperature of the chip is monitored. The computer, 
which also is interfaced with the nanoliter dispensing device, receives input of 
the measured temperature, calculates the amount of liquid that evaporates from 
the target site, and signals the dispensing device to dispense an amount of liquid 
that corresponds to the amount that evaporates, thereby maintaining the volume 

20 of liquid on the target site at a predetermined level. 
DETAILED DESCRIPTION OF THE INVENTION 

A system is provided for performing reactions in an unsealed 
environment, including reactions performed in submicroliter volumes. An open 
system as disclosed herein solves the previously intractable problems caused by 

25 evaporation of a liquid solvent during a reaction, including, for example, the 
concomitant increase in the effective salt concentration, which can inhibit a 
reaction or lead to spurious results. An additional advantage of the disclosed 
open systems and methods of performing a reaction in an unseaied environment 
is that fewer steps are required to perform a reaction because the reaction 

30 volume need not be sealed or covered with a protective layer such as mineral oil 
to prevent evaporation, such manipulations further requiring that the volume 
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later be unsealed or isolated from the protective layer. As a result, the likelihood 
that any sample wifl be lost due to the additional manipulations is reduced. 

An open system as disclosed herein provides the further advantage that 
"single tube" reactions can be performed, wherein a number of different 
B reactions are performed at the same target site. The ability to perform single 
tube reactions further reduces the likelihood that any sample will be lost due to 
transferring a material from one tube to another for performing different 
reactions, and facilitates the automation of chemical and biological reactions, it 
should be recognized that such reactions, while referred to as "single tube" 

10 reactions, need not literally be performed in a "tube," but can be performed at 
any target site having the characteristics disclosed herein. 

The disclosed open systems are useful for performing liquid handling, for 
example, for performing reactions such as polymerase chain reaction (PCR), ONA 
sequencing and enzymatic digestion reactions. Such reactions can be performed 

1 5 directly on the surface of a modified silicon chip that can be used for mass 

spectrometry detection of the resulting products, or allows on-line monitoring of 
fluorescent or luminescent signals, it is important to prevent evaporation of a 
solvent, generally water, of a reaction to prevent, alterations in concentrations of 
reactants or other components such as salts during the reactions. Typically, 

20 evaporation is prevented by performing reactions in sealed or closed 

environments. The methods and systems disclosed herein permit reactions to be 
performed, for example, directly on the surface of a microchip without a need for 
a lid or sealing. This achieved by replacing nanoliter amounts of water or 
water/glyceroi or other reaction mixture components in the reaction mixture 

25 using drop-on-demand systems, which compensate for loss of solvent by 
evaporation. 

An open system as disclosed herein can include a support for performing 
the reaction; a nanoliter dispensing pipette for dispensing a submicroliter amount 
of a liquid onto the surface of the support; a temperature controlling device for 
30 regulating the temperature of a target site on the support, particularly of a liquid 
at the target site; and means for controlling the amount of liquid dispensed, 
wherein the amount of liquid dispensed corresponds to the amount of 
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evaporatson of a the liquid from the support, A system as disclosed herein also 
can include a temperature measuring device for measuring the temperature of 
the surface af the support. The support can be any support having a surface, 
including, for exampie, a bead,, pin, comb, wafer, well or microchip, and the 
5 support can be functionalized such that a biopolymer can be linked to the 
support and immobilized. 

A means for controlling the amount of liquid dispensed can include 
computer software that calculates the rate or amount of evaporation of the liquid 
and signals the dispensing pipette to deliver an amount of the liquid that 

10 corresponds to the amount lost due to evaporation, A means for controlling the 
amount of liquid dispensed also can be manual input, which can be performed by 
an individual. In addition, a means for controlling the amount of liquid dispensed 
can be a system that determines when a meniscus of a liquid decreases below a 
predetermined point. Such a system can be, for exampie, an electrical circuit, 

15 which is broken when the meniscus falls beiow a predetermined point; or a 
photometric or spectrophotometry system, which detects a change in 
diffraction, transmission or absorbance of photons when the meniscus falls 
below a predetermined point. Such a meniscus determining means conveniently 
can provide an interface between the target site and the liquid dispensing 

20 system. A means for controlling the amount of liquid dispensed also can be a 
system for determining the conductivity (or resistivity) of the liquid, which 
changes in parallel with a change in the reaction volume, such that, when the 
conductivity (or resistivity) reaches a predetermined value, an indication is 
provided as to an amount of liquid to be dispensed to the target site to the 

25 maintain the liquid at a predetermined volume. 

An open system as disclosed allows a reaction to be performed in an 
unsealed environment. An open system can include a solid support, which has a 
target site that contains the reaction mixture; a liquid dispensing system; a 
temperature controlling system, which regulates the temperature of the solid 

30 support; and an computer software interface that regulates an amount of liquid 
dispensed from the liquid dispensing system. The interface can indicate an 
amount of liquid to be dispensed based, for example, on the temperature of the 


WO 0»/56446 


PCr/US0W96288 


solid support or the decrease of a meniscus below a predetermined point, and 
th© amount of liquid dispensed can correlate with the amount of liquid that 
evaporates from a reaction mixture on the solid support. Also provided is a 
system having means for dispensing a liquid; means for containing a reaction 
5 volume; means for controlling the temperature of the reaction volume containing 
means; and means for regulating an amount of liquid dispensed from the liquid 
dispensing means based on the temperature of the reaction volume containing 
means. A means for containing a reaction volume can be a solid support having, 
for example, a well or pin, or a barrier, which can be a physical or chemical 
10 barrier. 

DEFINITIONS 

Unless defined otherwise, all technical and scientific terms used herein 
have the same meaning as is commonly understood by one of skill in the art to 
which this Invention belongs. All patents, pending and published applications 

15 and publications referred to herein are incorporated by reference. 

As used herein, the term "unsealed environment," when used in reference 
to a volume of a liquid, means that there is no particular barrier present to 
prevent substantial evaporation of the liquid into the environment. For purposes 
herein, substantia! evaporation occurs when evaporation occurs at a rate or 

20 amount that alters the reaction conditions before the reaction of interest is 
completed. This is particularly problematic for reactions that are performed in 
wells or on the surface of solids smalt volumes, typically submicroliter volumes. 
Hence, methods and systems are provided herein to permit such reactions to be 
performed. 

25 As used herein, an open system refers to the systems disclosed herein for 

maintaining a volume of a liquid in an unsealed environment. These can be 
referred to generally as "open systems" although such systems can be sealed 
from the air, such as under inert gas or In a box or other container. As noted an 
open system is one in which evaporation occurs during the reaction of interest in 

30 an amount or rate such that conditions of the reaction are altered, such by a 
change in concentration of critical components, such as salt concentrations. 
This will occur if small volume, such as submicroliter reactions, are performed in 
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weils or on the surface of a solid support. The disclosed systems and methods, 
thus, are distinguishable from systems and methods for performing a reaction, 
for example, in an unsealed microcapiilary tube or in a channel on a microchip 
because, even though a liquid may be m direct contact to the open air in such 
5 systems, the amount of evaporation that occurs is not unacceptable either 
because the evaporation is desired, or because the surface area of the iiquid in 
contact with the gaseous medium is so small with respect to the volume of the 
liquid that any evaporation that occurs during the reaction period does not 
deleteriously affect or alter the reaction conditions. 

10 As used herein, the term "liquid dispensing system" means a device that 

can transfer a predetermined amount of liquid to a target site. The amount of 
liquid dispensed and the rate at which the liquid dispensing system dispenses the 
liquid to a target site, which can contain a reaction mixture, can be adjusted 
manually or automatically, thereby allowing a predetermined volume of the liquid 

15 to be maintained at the target site. 

As used herein, the term "liquid" is used broadiy to mean a non-solid, 
non-gaseous material, which can be homogeneous or heterogeneous and can 
contain one or more solid or gaseous materials dissolved or suspended therein. 
In general, a liquid is a component of a reaction mixture that is susceptible to 

20 evaporation under the conditions of the reaction, in particular, the liquid can be 
a solvent, in which a reaction is performed, for example water or glycerol /water 
or butter or reaction mixture, where the reaction is performed in an aqueous 
solution. The liquid can be any non-solid, non-gaseous solvent or other 
component of a reaction mixture that is susceptible to evaporative loss, for 

25 example, acetonitrile, which can be a solvent for a nucleic acid synthesis 
reaction; forrnarnide, which can be a liquid component of a nucleic acid 
hybridization reaction; piperidine, which is a liquid component of a nucleic acid 
sequencing reaction; or any other non-aqueous solvent or other liquid 
component. A liquid can contain dissolved or suspended components, which 

30 can be useful, for example, for initiating, terminating or changing the conditions 
of a reaction, thereby facilitating the performance of single tube reactions. 
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As used herein, the term "reaction mixture" refers to any solution in 
which a chemical, physical or biological change is effected, in general, a change 
to a molecule is effected, although changes to cells aiso are contemplated. A 
reaction mixture can contain a solvent, which pfovides,. in part, appropriate 
5 conditions for the change to be effected, and a substrate, upon which the 
change is effected, A reaction mixture also can contain various reagents, 
including buffers, salts, and metal cefaclors, and can contain reagents specific 
to a reaction, for example, enzymes, nucleoside triphosphates, amino acids, and 
the like. For convenience, reference is made herein generally to a "component" 

10 of a reaction, wherein the component can be a ceil or molecule present in a 
reaction mixture, including, for example, a biopolymer or a product thereof. 

As used herein, the term "biopolymer" is used to mean a biological 
molecule composed of two or more monornerie subunits, or derivatives thereof, 
which are linked by a bond or a macromolecule. A biopolymer can be, for 

15 example, a polynucleotide, a polypeptide, a carbohydrate, or a lipid, or 
derivatives or combinations thereof, for example, a nucleic acid molecule 
containing a peptide nucleic acid portion or a glycoprotein, respectively. The 
methods and systems herein, though described with reference to biopolymers, 
can be adapted for use with other synthetic schemes and assays, such as 

20 organic syntheses of pharmaceuticals, or inorganics and any other reaction or 
assay performed on a solid support or in a well in nanoliter volumes. 

As used herein, a biological particle refers to a virus, such as a viral 
vector or viral capsid without or without packaged nucleic acid, phage, including 
a phage vector or phage capsid, with or without encapsulated nucleotide acid, a 

25 single cell, including eukaryotic and prokaryotic cells or fragments thereof, and 
other such biological materials. 

As used herein, the term "polynucleotide" refers to an oligomer or 
polymer containing at least two finked nucleotides or nucleotide derivatives, 
including a deoxyribonucleic acid (DNA), a ribonucleic acid (RfMA), and a DMA or 

30 RNA derivative containing, for example, a nucleotide analog or a "backbone" 
bond other than a phosphodiester bond, for example, a phosphotrsester bond, a 
phosphoramidate bond, a phophorothioate bond, a thioester bond, or a peptide 
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bond (peptide nucleic acidi. The term "oligonucleotide" also is used herein 
essentially synonymously with "polynucleotide," although those in the art will 
recognize that oligonucleotides, for example, PCR primers, generally are less 
than about fifty to one hundred nucleotides in length. 
5 Nucleotide analogs contained in a polynucleotide can be, for example, 

mass modified nucleotides, which allows for mass differentiation of 
polynucleotides; nucleotides containing a detectable label such as a fluorescent, 
radioactive, luminescent or cherniluminescent label, which allows for detection of 
a polynucleotide; or nucleotides containing a reactive group such as biotin or a 

10 thtol group, which facilitates immobilization of a polynucleotide to a solid 

support. A polynucleotide also can contain one or more backbone bonds that 
are selectively cieavabfe, for example, chemically, enzymatically or 
photolytically. For example, a polynucleotide can include one or more 
deoxyribonucieotides, followed by one or more ribonucleotides, which can be 

15 followed by one or more deoxyribonucleotides, such a sequence being cleavable 
at the ribonucleotide sequence by base hydrolysis. A polynucleotide also can 
contain one or more bonds that are relatively resistant to cleavage, for example, 
a chimeric oligonucleotide primer, which can include nucleotides linked by 
peptide nucleic acid bonds and at least one nucleotide at the 3' end, which is 

20 linked by a phosphodiester bond, or the like, and is capable of being extended by 
a polymerase. Peptide nucleic acid sequences can be prepared using well known 
methods {see, for example, Weiler et a!., Nucieic aci ds Res. 25:2792-2799 
{1997H. 

A polynucleotide can be a portion of a larger nucleic acid molecule, for 
25 example, a portion of a gene, which can contain a polymorphic region, or a 
portion of an extragenic region of a chromosome, for example, a portion of a 
region of nucleotide repeats such as a short tandem repeat {STR} locus, a 
variable number of tandem repeats IVNTR) locus, a microsateilite locus or a 
rninisateliite locus. A polynucleotide 3lso can be single stranded or double 
30 stranded, including, for example, a DNA-RNA hybrid, or can be triple stranded or 
four stranded. Where the polynucleotide is double stranded DMA, it can be in an 


WO 00/56446 


FCT/US00/0628S 


A, B, t or Z configuration, and a single polynucleotide can contain combinations 
of such configurations. 

As used herein, the term "polypeptide," means at least two amino acids, 
or amino acid derivatives, including mass modified amino acids and amino acid 
6 analogs, that are linked by a peptide bond, which can be a modified peptide 
bond. A polypeptide can be translated from a polynucleotide, which can include 
at least a portion of a coding sequence, or a portion of a nucleotide sequence 
that is not naturally translated due, for example, to it being located in a reading 
frame other than a coding frame, or it being an intron sequence, a 3' or 5' 

10 untranslated sequence, a regulatory sequence such as a promoter, or the like. A 
polypeptide also can be chemicaSiy synthesized and can be modified by chemical 
or enzymatic methods following translation or chemical synthesis. The terms 
'polypeptide," "peptide" and "protein" are used essentially synonymously 
herein, although the skilled artisan will recognise that peptides generally contain 

15 fewer than about fifty to one hundred amino acid residues, and that proteins 
often are obtained from a natural source and can contain, for example, post- 
translationa! modifications, A polypeptide can be post-translationaliy modified by 
phosphorylation iphosphaproteinsl, glycosylatlon ^glycoproteins, proteoglycans), 
and the like, which can be performed in a cell or in a reaction in vitro. 

20 As used herein, a reaction mixture used in an open system or method as 

disclosed herein can have any volume from a few picoliters or less to hundreds 
of liters or more. An open system or method as disclosed herein is particularly 
useful where a volume to be maintained is critical in order for a reaction to 
occur, and where the volume to be maintained is not amenable to simple 

25 inspection or measurement. As such, the disclosed systems and methods 

generally are useful where the reaction volume is about 500 milliliters or less; are 
more useful where the reaction volume is about 5 milliliters or less; are most 
useful where the reaction volume is in the "submiililiter" range, for example, 
about 500 microliters, or about SO microliters or about 5 microliters or less; and 

30 are particularly useful where the reaction volume is a "submicroliter" reaction 
volume, which can be measured in nanoliters, for example, about 500 nanoiiters 
or less, or 50 nanoliters or less or 10 nanoliters or less, or can be measured in 
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picoiiters, for example, about 500 picoiiters or less or about 50 picoiiters or less. 
For convenience of discussion, the term "submicroliter" is used herein to refer to 
a reaction volume less than about one microliter, although it will be readily 
apparent to those in the art that the systems and methods disclosed herein are 
5 applicable to subnanoiiter reaction volumes as well. A reaction mixture is 
contained in or on a target site on a solid support. 

As used herein, the term "solid support" means a non-gaseous, non-liquid 
material having a surface, Thus, a solid support can be a flat surface 
constructed, for example, of glass, silicon, metal, piastic or a composite; or can 

10 be in the form of a bead such as a silica gel, a controlled pore glass, a magnetic 
or cellulose bead; or can be a pin, including an array of pins suitable for 
combinatorial synthesis or analysis. 

As used herein, the term "target site" refers to a specific locus on a soSid 
support that can contain a liquid. A solid support contains one or more target 

IS sites, which can be arranged randomly or in ordered array or other pattern, in 
particular, a target site restricts growth of a liquid to the "z" direction of an xyz 
coordinate. Thus, a target site can be, for example, a well or pit, a pin or bead, 
or a physical barrier that is positioned on a surface of the solid support, or 
combinations thereof such as a beads on a chip, chips in wells, or the like. A 

20 target site can be physioaSiy placed onto the support, can be etched on a surface 
of the support, can be a "tower" that remains following etching around a locus, 
or can be defined by physico-chemical parameters such as relative hydrophilscity, 
hydrophobicity, or any other surface chemistry that allows a liquid to grow 
primarily in the z direction. A solid support can have a single target site, or can 

25 contain a number of target sites, which can be the same or different, and where 
the solid support contains more than one target site, the target sites can be 
arranged in any pattern, including, for example, an array, in which the location of 
each target site is defined. 

As used herein, the term "predetermined volume" is used to mean any 

30 desired volume of a liquid. For example, where it is desirable to perform a 
reaction in a 5 microliter volume,, 5 microliters is the predetermined volume, 
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Similarly, where it is desired to deposit 200 nanoiiters at a target site, 
200 nanoiiters is the predetermined voiume. 

As used herein, the term "maintain a voiume of a liquid" refers to a 
predetermined voiume of the liquid and means that the voiume of the liquid is 
5 kept within an acceptable amount of the predetermined volume. An acceptable 
amount of a predetermined voiume is an amount that is within 80% or more of 
the predetermined volume, generally within about 90% or more, and particularly 
about 35%, or about 98% or more of the predetermined volume. 

As use herein, a volume of a liquid at a target site is maintained within a 

10 predetermined volume by dispensing an amount of liquid to the target site. !n 
one embodiment, the amount of liquid dispensed to a target site is based on the 
evaporation rate of the liquid from the target site, such that the amount of liquid 
dispensed corresponds to the amount of liquid lost from the volume due to 
evaporation. As used herein, the term "corresponds," when used in reference to 

15 the amount of liquid being added to the reaction mixture {"amount added") and 
the amount of liquid that evaporates from the reaction mixture {"amount lost"), 
means that the amount added is, within an acceptable margin of error, equal to 
the amount lost. An acceptable margin of error is such that the amount added is 
within 20% or less of the amount lost, generally within about 10% or less, and 

20 particularly about 5% or less, or about 2% or less of the amount lost. An 
acceptable margin of error can be determined based, for example, on the 
susceptibility of a reaction to the effective concentration of one or more 
reactants in the reaction, in another embodiment, the disclosed systems and 
methods allow a predetermined amount of a liquid to be dispensed to a target 

25 site, for example, to initiate a reaction, to dilute a reaction, or to change the 
conditions of a reaction. 

As used herein, the term "temperature controlling system" means a 
device for regulating the temperature of a solid support, particularly the 
temperature of a liquid present at a target site on a surface of the solid support. 

30 A temperature controlling system useful in an open system as disclosed can 
increase the temperature of a solid support, particularly a target site on the 
support, or decrease the temperature of the support, as desired. Temperature 
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controlling systems are well known and readily available to those in the art, and 
are selected, in part, based on the range of temperatures desired, the physical 
characteristics of the solid support, and its facility of incorporation into a system 
as disclosed, A temperature controlling system can be, for example, an 
5 electrically or electromagnetically regulated healing element or heating/cooling 
element, such as a Peltier element, or a system that allows contacting the 
support with, for example, dry ice, liquid nitrogen, or a bath or stream of water 
maintained at a desired temperature. 

As used herein, the term "interface'' refers to a system for 

10 communicating an amount of liquid to be dispensed to a target site to maintain a 
predetermined volume. As such, an interface provides a means for controlling 
an amount of liquid dispensed from a liquid dispensing system. An interface can 
be in communication, either directly or indirectly, with the target site, with the 
liquid dispensing system, or with both. 

15 As used herein, the abbreviations for amino acids and protective groups 

and other such abbreviations are in accord with their common usage and, if 
appropriate, the IUPAC-SU8 Commission on Biochemical Nomenclature fsee. 
{1 972) Biochem. 11: 1726J. 
SYSTEMS 

20 Systems are provided for performing a reaction in an unsealed 

environment. The disclosed systems and methods provide a means of 
maintaining a volume of a liquid, for example, a reaction mixture, present in an 
unsealed environment and, therefore, susceptible to ioss of volume by 
evaporation, tn genera!, the environment into which evaporation can occur is a 

25 volume of a gaseous medium, which can be, but need not be, substantially 

greater than the volume of liquid. A relatively large surface of the liquid can be 
in direct contact with the environment, and a substantial amount of a liquid can 
evaporates into the environment, for example, ten percent or more of the total 
volume, such that a substantial change in the effective concentration of 

30 reactants would occur if the amount of liquid lost due to evaporation is not 
replaced by a corresponding amount of the liquid dispensed to the volume. 
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Sn a system or method as disclosed herein, the liquid generally is present 
on a surface of a solid support, at a target site, and the environment into which 
evaporation can occur is air. Many liquids and reaetants, including biopolymers, 
suitable for use in a disclosed system or method are susceptible, for example, to 
5 oxidation. Accordingly, an open system as disclosed herein can be placed in a 
vessel in which the environment can be controlled, for example, the environment 
can be gaseous medium such as nitrogen, an inert gas such as argon, or other 
gaseous medium. It should be recognized, therefore., that an unsealed 
environment may be isolated from the "open air," but nevertheless can be 

10 considered an "unsealed environment" for purposes of the present disclosure 
provided that a liquid, the volume of which is to be maintained, is in contact 
with a gaseous medium, into which the liquid can evaporate. Further in this 
regard, various reactions must be performed under conditions of low pressure or 
high pressure, where the rate of evaporation of a liquid is greater than or less 

15 than, respectively, the rate of evaporation of the liquid in open air. An open 
system as disclosed herein also can be used for performing such reactions, as 
wel! as reactions that contain evaporation suppressants or agents that alter the 
freezing point or boiling point of the liquid, particularly such agents that do not 
affect a reaction, or for performing reactions in the fight, which can be any 

20 spectrum of fight, or in the dark. 

The disclosed systems and methods provide a means to maintain a 
volume of a liquid at a predetermined voiume, where the volume otherwise 
would decrease below the predetermined volume due to evaporation, An open 
system can include a solid support having a target site, which can contain a 

25 voiume of liquid; a liquid dispensing system, which can dispense a liquid to the 
target site; a temperature controlling system, which can regulate the temperature 
of the solid support; and an interface, which can indicate an amount of liquid to 
be dispensed from the liquid dispensing system. In an open system as disclosed 
herein, the amount of liquid dispensed from a liquid dispensing system can 

30 correspond to an amount of liquid lost by evaporation, or can be any 
predetermined amount of liquid. 
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The liquid present on a target site can be, for example, a solvent or other 
component of a reaction mixture, Other components of a reaction mixture can 
include a substrate, for example, a ceil, a biopolymer or an organic or inorganic 
molecule, and the volume of the reaction can be any desired volume, particularly 
5 a submicroiiter volume. An open system as disclosed herein can be particularly 
useful for synthesizing biopolymers such as polynucleotides, polypeptides, 
polysaccharides and the like, including for synthesizing combinatorial libraries of 
molecules such as biopolymers, and for performing biological reactions, or 
chemical reactions using a biopolymer as a substrate, in submicroiiter volumes, 

10 without concern that evaporation of a liquid from the reaction mixture will 
undesirably affect the reaction., and, additionally, allows for performing such 
reactions as single tube reactions. 

An open system also can contain a solid support having a target site; a 
liquid dispensing system, which can dispense a liquid to the target site; a 

15 temperature controlling system, which regulates the temperature of the solid 
support; and means for regulating an amount of liquid dispensed from the liquid 
dispensing system. Any means for regulating an amount of liquid dispensed 
from the liquid dispensing system can be used, including manual manipulation of 
the liquid dispensing system by an individual monitoring the system, or 

20 automatic control of the liquid dispensing system due to an interface between 
the liquid dispensing system and the temperature controlling device or a 
temperature sensing device in contact with the solid support. 
Interface 

An interface generally is a component of an automated or semi-automated 
25 open system for maintaining a volume of a liquid at a target site. In particular, 
an interface can be a computerized system that receives input relevant to the 
volume of a liquid at a target site and, based on that input, provides an 
instruction to the isquid dispensing system to dispense an amount of liquid that 
corresponds to an amount of liquid lost from the target site. Thus, an interface 
30 for regulating an amount of liquid dispensed by a liquid dispensing system can 
be, for example, a system for detecting the level of a meniscus, or a computer 
for receiving input of data from which the volume or level can be calculated. 
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Thus, the interface can include a computer programmed with an appropriate 
algorithm or software for calculating such level. 

input relevant to the volume of a liquid at a target site can be obtained 
directly, for example, by detecting a decrease in the level of a meniscus of the 
5 liquid or the level of a drop of the liquid below a predetermined point. As 
disclosed herein, a liquid on a target site can be, for example, in a well or 
cylinder, in such a case, wherein the liquid is physically surrounded by a barrier, 
a meniscus forms in the liquid. In addition, a liquid can be placed as a drop on 
the target site, wherein the liquid is constrained, for example, by the physico- 
10 chemical characteristics of the target, site. !n either case, the level of the liquid 
can be monitored by detecting a decrease in the level of the meniscus or the 
drop of liquid. 

A decrease in a meniscus below a predetermined point can be detected, 
for example, by including the liquid in a circuit. !n such a system, when the 

15 meniscus fails below a predetermined point, which is the point required for the 
circuit to be complete, a change in the circuit is detected. The interface, upon 
receiving such input, can indicate that a volume of liquid is to be dispensed to 
the target, site by the liquid dispensing system, until the circuit is reestablished, 
at which time dispensing of the liquid is terminated. Such a circuit conveniently 

20 can be constructed into a microchip using well known methods of 
photolithography and microelectronics. 

Similarly, where the liquid on the target site has a meniscus or is in the 
form of a dropiet, such input can be obtained by detecting a change in the 
diffraction, transmission or absorbance of photons as the volume of liquid 

25 decreases below a level defined by the positions of an appropriate light source 
and detector. A system using fiber optics can be useful for monitoring the level 
of a liquid on a target site and, conveniently, can be included in a detection 
system, if desired, to monitor the extent of a reaction. As well as the direct 
methods exemplified above, input relevant to the volume of a liquid at a target 

30 site also can be obtained indirectly, for example, using an algorithm that 

determines the rate of evaporation from the target site based on the temperature 
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of the support containing the target site, the time the temperature has been 
maintained, and the vapor pressure of the liquid. 

A computer with appropriate inputs and outputs, for example, can be 
used to monitor the temperature of the solid support and, based on various 
5 parameters, including, for example, the chemical nature of the liquid, the surface 
area of the liquid exposed to the environment, and the time the liquid is 
maintained at a particular temperature, can estimate the rate of evaporation of a 
liquid from the target site, and, through an interface, communicate an amount of 
liquid to be dispensed from the liquid dispensing system to the target site to 

TO maintain the liquid at a predetermined volume. For ex am pie, a means for 
regulating an amount of liquid dispensed to a target site can interface with a 
liquid dispensing system such as a nanoliter dispensing system to compensate 
for evaporation, thereby maintaining the volume of a iiquid at a target site at a 
predetermined volume {see, e.g., Figure 1h A computer with appropriate can 

15 directly control the liquid dispensing system to dispense a desired volume, which 
corresponds to the amount of liquid that evaporates from the target site. The 
amount of evaporation will depend, in part, on the temperature of the target site, 
which can be on the surface of a microchip present in a holder that is integrated 
with , for example, a Peltier element, and a thermistor. The temperature of the 

20 support and, therefore, the iiquid at a target site, can be any temperature, which 
can be adjusted based on input from the computer, which is interfaced with the 
temperature controlling system. Based on the temperature of the microchip, the 
computer can calculate a rate or amount of evaporation and signal the nanoliter 
dispensing system accordingly. 

25 A temperature sensing device such as a thermistor produces a signal that 

indicates the temperature of the support, for example, a microchip support {see 
Figure 1), The support temperature signal can be provided to the computer, 
directly or through the temperature controlling system. Based on the 
temperature of the support, programming in the computer determines the 

30 amount or rate of evaporation and, therefore, a volume of liquid that can be 
dispensed to the target site to maintain the volume of the liquid at a 
predetermined Jevei. The computer can provide the temperature controlling 
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system with a signal that indicates the temperature to which the support wilt be 
set. Upon receiving the temperature setting signs!, the temperature controlling 
system produces a Peltier element control signal, which directs the PeStier 
element to adjust the support to the indicated temperature. 
5 An interface need not be directly connected to or controi the liquid 

dispensing system, but can be connected instead to a disptay, which indicates 
the amount of iiquid needed to be dispensed to maintain the volume of the liquid 
at a predetermined voiume. An individual then can manipulate the liquid 
dispensing system. In addition, the interface need not be directly connected to 

10 the solid support, but can be connected instead to the temperature controlling 
system and, based on the setting of the temperature controlling system, the 
chemical and physical nature of the solid support, and the time the temperature 
is applied to the support, can determine the temperature of the solid support 
and, therefore, the amount of liquid to be dispensed to the target site. The 

15 interface then can display the amount of liquid to be dispensed such that an 
individual can manipulate the liquid dispensing system, or can transmit the 
information to the iiquid dispensing system, thereby automatically controlling the 
system. 

An open system, as disclosed herein, also can contain means for 
20 containing a volume of a liquid; means for dispensing a liquid; means for 

controlling the temperature of the reaction volume containing means; and means 
for regulating an amount of liquid dispensed from the liquid dispensing means. A 
means for regulating an amount of liquid dispensed can include an interface, for 
example, a computer programmed with software for calculating the appropriate 
25 rate or amount- A computer can interface, for example, with the solid support, 
thereby monitoring the temperature of the support, and can indicate an amount 
of liquid to be dispensed to a target site to maintain a predetermined voiume of 
the iiquid. The computer can display the amount of liquid to be dispensed and 
an operator can manipulate the liquid dispensing system such that the amount of 
30 liquid is dispensed, or the computer can further interface with the iiquid 
dispensing system, thereby causing the amount of liquid to be dispensed. 
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Solid Supports 

A solid support useful in an open system for maintaining a volume of a 
liquid at a predetermined volume can be constructed of any material having a 
surface, which can be flat or geometrically altered, for example, to include wells. 
5 The solid support is any known to those of skilf in the art as matrix for 

performing synthetic reactions and assays. It can be fabricated from silicon, 
glass, silicon-coated materials, metal, a composite, a polymeric material such as 
a plastic, a polymer-grafted material, such as a metal-grafted polymer, or other 
materia! as disclosed herein. This materia! can be further functionalized, as 

10 necessary, for example, chemically, to enhance or permit linkage of molecules or 
other particles, such as cells or cell membranes or viral envelopes or other such 
biological materials, of interest. The surface of a support can be modified, such 
as by radiation grafting of a suitable polymer on the surface and derealization 
thereof to render it suitable for binding capturing a molecule or particle, such as 

15 a eel!. The support may also include beads linked thereto {see, copending 
allowed U.S. application Serial No. 08/746,036, copending U.S. application 
Serial No. 08/933,792, and international application No. PCT/US97/20194, 
which claims priority to the U.S. applications}. It may also include dendrite trees 
of captured material, or combinations of such additional components, A solid 

20 support can have one or more target sites, each of which can contain or retain a 
volume of a liquid. 

By way of example, a soSid support can be a flat surface such as a glass 
fiber filter, a glass surface, a silicon or silicon dioxide surface, a composite 
surface, or a metal surface, including a steel, gold, silver, aluminum or copper 

25 surface, a plastic material, including polyethylene, polypropylene, poiyamide or 
polyvmyiidenedifiuoride, which further can be in the form of multiwell plate or a 
membrane: can be in the form of a bead {or other geometry) or particle, such as 
a silica gel, a controlled pore glass, a magnetic or cellulose bead, which can be 
in a pit of a flat surface such as a wafer, for example, a silicon wafer; or can be 

30 a pin, including an array of pins suitable for combinatorial synthesis or analysis 
{see, e.g.. International PCT application No. WO98/2O019), comb, microchip. 
The skilled artisan will recognize that various factors, including the size and 
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shape of the support and the chemical and physica! stability of the support to 
the conditions to which it will be exposed, will be considered in selecting a 
pattieuiar soiid support for use in a disclosed system or method. 

A solid support contains one or more target sites, which can contain a 
5 volume of a liquid. A target site can be, for example, a well, pit, channel, or 
other depression, with or without rims, on the surface of a solid support; can be 
a pin, bead or other material, which can be positioned on a surface of a solid 
support; or can be a physical barrier such as a cylinder, cone or other such 
barrier positioned on a surface of a solid support. 

10 A target site also can be, for example, a reservoir or reaction chamber, 

which is attached to a solid support (see, for example, Walters et at. , Anal. 
Chem. 70:5172-5176 (1998}. In addition, a target site can be etched, for 
example, on a surface of a silicon wafer using a photolithographic method {see, 
for example, Wooiley eta/. {AnaL_Chem... 68:4081-4086 (1996}}. 

15 Photolithography allows the construction of very small target sites, including 
wells or towers, and, for example, has been used in combination with wet 
chemical-etching to construct "picoliter vials" on microchips {Clark et af. 
CHEMTECH 28:20-25 (1998}}. 

A support also can he a glass or silicon surface containing wells having a 

20 very thin base that is transparent to electromagnetic radiation of a desired 

wavelength, such as laser light, thereby permitting measurement of parameters, 
such as volume, or an excitation wavelength for fluorescence measurement. 

A target site also can be defined by physico-chemical parameters such as 
hydrophilicity, hydrophobicity, the presence of acidic or basic groups, groups 

25 capable of forming a salt bridge, or any surface chemistry that allows a liquid to 
grow primarily in the z direction. For example, where the liquid to be placed on 
a target site is water or an aqueous solution, the target site can be defined by a 
hydrophilic area surrounded by a hydrophobic area on the surface of a solid 
support, or by a series of rows, alternately having less hydrophobic rows and 

30 more hydrophobic rows, whereby the aqueous mixture is constrained to the less 
hydrophobic rows. With respect to such a target site, the aqueous solution is 
dispensed, for example, onto the hydrophilic area, and is constrained from 
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spreading from the target site due to the adjacent and surrounding hydrophobic 
area. Conversely, where the liquid is a nonpolar liquid, it is dispensed onto a 
hydrophobic region and is constrained in that region due to an adjacent 
hydrophiiic region of a region or that is less hydrophobic lhat the region to which 
5 the liquid is applied. 

A solid support can have a single target site, or can contain a number of 
target sites, for example, 2 sites, 10 sites, 16 sites, 100 sites, 144 sites, 384 
sites, 1000 sites, or more, all or some of which can be the same or can be 
different. Where a solid support contains more than one target site and, 

10 therefore, can contain, for example, more than one reaction mixture, the 

characteristics that define each target site serve not only to constrain a reaction 
mixture, but also to prevent intermingling of different reaction mixtures or other 
liquids on the support. In addition, where a solid support contains more than 
one target site, the target sites can be arranged in any pattern, for example, in a 

15 iine, a spiral, concentric circles, rows, or an array of rows and columns. 

Furthermore, the location of each target site of a number of target sites on a 
support can be defined. The availability of such addressable target sites on a 
solid support allows multiple reactions to be performed in parallel and is 
convenient, for example, for performing multiplex reactions, for including control 

20 reactions with test reactions such that all are performed under identical 

conditions, for performing a similar reaction under different conditions, or for 
performing different reactions. 

Immobilization of a reagent to a solid support 
A substrate or other component of a reaction mixture can be immobilized 

25 to a solid support, particularly to a target site on the support, bv a covalent 

interaction or a noncovalent interaction that is stable to the particular conditions 
of the reaction, as desired. A biopoiymer, for example, can be immobilized 
directly to a solid support, or indirectly, for example, by immobilization to a 
spacer molecule, which is immobiii2ed to the support. Furthermore, a spacer 

30 molecule can be a part of the biopoiymer to be immobilized, or can be a separate 
molecule that directly or indirectly binds the biopoiymer, for example, an 
oligonucleotide including a spacer nucleotide sequence and a sufficiently 
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complementary probe or primer sequence, which can hybridize to a 
polynucleotide biopoiymer. 

immobilization of a biopoiymer can be mediated by a specific binding 
reaction, for example, by hybridization of a first nucieic acid molecule to a 
5 sufficiency complementary second nucleic acid, one of which is immobilized to 
the support. Similarly, immobilization can be through a first protein to a second 
protein, one of which is immobilized to the support, for example, an antibody 
and a polypeptide, which can be expressed on the surface of a coll, having an 
epitope recognized by the antibody; or an enzyme and its substrate; or any pair 

10 of proteins capable of homodimer or heterodimer formation. In addition, 
immobilization can be between a nucleic acid binding protein and a 
polynucleotide containing the sequence recognized by the binding protein. 

A crossitnking agent also can be used to immobilize a substrale or other 
component of a reaction mixture to a solid support, through a reversible or 

15 irreversible linkage, A useful crossiinking agent can bo any agent, including a 
homo-bifunctional or hetero-bifunctiona! agent, that is capable of reacting with a 
functional group present on a surface of the insoluble support and with a 
functional group present in the substrate or other component to be immobilized 
to the support. Useful Afunctional cross-linking agents include N-succinimtdyf 

20 (4-fodacetyO aminobenzoate {S1AB} ; dimaleimide, dithio-bis-nitrobenzoic acid 
(DTNB5, N-succinimidyi-S-acetyHhtoacetate iSATA), N-succinimidyS- 
3(2pyridy!dithiol propionate (SPDP), succinimidyl 4-jN-maleirnidornethyi} 
cyclonexane-1 -carboxyiate (SMCCl and 6-hydfazinonicotirnide |HYN!C} (see, 
also,, Wong "Chemistry of Protein Conjugation and Cross-Linking," (CRC Press 

25 1991); Hermanson, "Bioconjugate Techniques" {Academic Press 1995}}. 

immobilization of a substrate or other component of a reaction to a solid 
support can be particularly useful where the crosslink is mediated by a 
selectively deavable linker, which can be cleaved under defined conditions. A 
biopoiymer, for example, can be directly linked to a solid support via a reversible 

30 or irreversible bond between an appropriate functionality (L') on the biopoiymer 
and an appropriate functionality {L) on the solid support, or on a molecule linked 
thereto, for example, a spacer molecule. Selectively cleavable linkers include 
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photocieavabie linkers and chemically cieavabie linkers (see, e.g., international 
PCX application No. WO98/2Q01 9), and enzymaticaiiy cieavabie linkers such as 
a polynucleotide sequence containing a particular restriction endonuciease site or 
a RNase digestion site or a polypeptide sequence containing a particular 
5 peptidase site. 

Photocieavabie linkers, which are cleaved upon exposure to light 
(Goidmacher eta!., Sioconj, Chem. 3:104-107 (1992}}, include a nitrobenzyi 
group as a photocieavabie protective group for cysteine {Hazum et aL, in Pept. 
Proc. Eur. Pept. Symp., 16th (ed. K. Brunfeldt, 1381}, pages 105-110); water 

10 soluble photocieavabie copolymers, including hydroxypropyimethacryiamide 
copolymer, glycine copolymer, fluorescein copolymer and methyirhodamine 
copolymer (Yen et aL, Makromol. Chem 190:69-82 {1989)}; a cross-linker and 
reagent that undergoes photoiytic degradation upon exposure to near UV light 
(350 nm; Goidmacher etaf., Bioconj. Chem . 3:104-107 (1992): 

15 nitrobenzyloxycarbonyl chloride cross-linking agents (Senter et aL, Photochem. 
Photobioi 42:231-237 {1985}; and 3-amino-(2-nitrophenyl} propionic acid (Brown 
aL, Molecular Diversity , pages 4-12 {1995}; Rothschild et a/., Nuci. Acids Res. 
24:361-66 {1936)}. A photocieavabie bond such as a charge transfer complex 
or a labile bond formed between relatively stable organic radicals can be useful, 

20 for example, where the sample is to be examined by mass spectrometry. 

A linkage aiso can be formed with L' being a quaternary ammonium 
group. Where the sample is to be examined by mass spectrometry, the surface 
of the solid support also can carry a negative charge, which can repel, for 
exampie, a negatively charged nucleic acid backbone and facilitate desorption of 

25 a polynucleotide to be detected. Desorption can occur either by the beat created 
by the laser pulse or, depending on L', by specific absorption of laser energy, 
which is in resonance with the L' chromophore. 

The L-L' chemistry can be a type of disulfide bond, which is chemically 
cieavabie using mercaptoethano! or dithioerythrol; a biotin/streptavidin system; a 

30 heterobifunctionaf derivative of a trity! ether group that can be cleaved under 
mildly acidic conditions as well as under conditions of mass spectrometry 
(Koster et aL, Tetrahed. Lett. 31:7095 {1990}}; a levuliny! group cieavabie under 
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almost neutral conditions with a hydrazinium/acetate buffer; an arginine-arginine 
or lysine-lysine bond, which is cieavabie by an endopeptidase enzyme such as 
trypsin; a pyrophosphate bond, which is cieavabie by a pyrophosphatase; or a 
ribonucleotide bond in an oiigodeoxynueleotide sequence, which can be cleaved 
5 by a ribonuclease or aikait. in addition to acid-labile trityi linkers, acid cieavabie 
Sinkers include bis-maleimideothoxypropane; adipic acid dihydrazide Sinkers 
{Fattom etaf., infect. Immun. 60:584-539 11992)); and acid labile transferrin 
conjugates that contain a sufficient portion of transferrin to permit entry into the 
intracellular transferrin cycling pathway (see, for example, Welhdner et 3/., _JL 

10 Biol. Cham. 266:4309-4314 (1 991 )). 

The L and L' functionalities also can form a charge transfer complex and 
thereby form a temporary I..-L' linkage; a charge-transfer "band" can be 
determined by UV/vis spectrometry (R. Foster, "Organic Charge Transfer 
Complexes" (Academic Press 1969)), and the laser energy can be tuned to the 

15 corresponding energy of the charge transfer wavelength so as to effect specific 
desorption of a sample for a solid support, A reversible L-L' linkage also can be 
generated by homolyticaily forming relatively stable radicals, which, under the 
influence of a laser pulse, for example, during mass spectrometry, desorption 
and ionization occurs at the radical position. Those skilled in the art will 

20 recognize that other organic radicals can be selected and that, in relation to the 
dissociation energies needed to homolyticaily cleave the bond between them, a 
corresponding laser wavelength can be selected (C. Wentrup, "Reactive 
Molecules" (John Wiley & Sons 1984)}. 

Thioi-reactive functional groups are particularly useful for immobilizing a 

25 biopoiymer to a solid support. Thioi-reactive functional groups react with a 
nucieophiiic thiol moiety to produce a covalent bond, for example, a disulfide 
bond or thioether bond. In general, thiol groups are good nucteophites, and 
preferred thioi-reactive functional groups are reactive etectrophiies. Thioi- 
reactive functional groups are known tn the an and include, for example, 

30 haloacetyls such as iodoacetyl; diazoketones; epoxy ketones; cR-unsaturated 
carbonyis such as a.ri-enones; and other reactive Michael acceptors, including 
maleimide, acid haiides, benzyl haiides, and the like. 
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A free thiol group present on a polypeptide or incorporated into a 
polynucleotide can react with a free thiol group such as an iodoacetyl-modified 
surface <or other thiol-reactive surface functionality} of the support through 
disulfide bond formation, thereby immobilizing the biopoiymer to the support. In 
5 addition to being reversible, for example, by exposing the bond to reducing 
conditions, thiol reactive linkages also provide the advantage that reaction of a 
thiol group can be prevented temporarily by blocking with an appropriate 
protecting group (Greene and Wuts, in "Protective Groups in Organic Synthesis'' 
2nd ed, (John Wiley & Sons 1991}). 

10 A polynucleotide can be modified at the S'-terminus or 5'~terminus by 

reaction with a disulfide-containing modifying a reagent, or by enzymattcally or 
non-enzyrnaticaliy attaching a thiolated primer. A 5''-phasphoramidate 
functionality can also provide an attachment point for a thiol or disulfide- 
containing cytosine or deoxycytosine residue, A dtsulfide-modified nucleic acid 

15 can be reduced in a reaction using, for example, tris-(2-carboxyethyl)phosphine 
{TCEP}, at a concentration of about 1 mM to 100 mM, preferably about 10 mM; 
a pH of about 3 to 6, preferably about pH 4,5; a temperature in the range of 
2.0 °C to 45 °C, preferably about 37°C; and for a time period In the range of 
about 1 hour to 10 hours, preferably about 5 hours; or using dithiothreito! in a 

20 concentration of about 25 mM to 1 00 mM, depending on whether the reactant is 
isolated; at a pH in the range of 6 to 10, preferably about pH 8; at a temperature 
of about 25 °C to 45 °C, preferably about 37 °C; and for a time of about 1 hour 
to 10 hours, preferably about 5 hours, Use of TCE provides an advantage in the 
low pH at which it is reactive, which effectively protonates thiols, thereby 

25 suppressing nucleophilic reactions of thiols and resulting in fewer side reactions 
than with other disulfide reducing agents used at higher pH ranges. 
Temperature Controlling System 

The temperature of a solid support having a target site is maintained 
using a temperature controlling system. An open system for maintaining a 
30 volume of a liquid at a predetermined volume can include a temperature 

controlling system, which can heat or cool a solid support, particularly a target 
site on the support, to a desired temperature. A temperature controlling system 
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is selected, in part, based on the purpose for which the open system is to used, 
for example, the reactions to be performed using the open system. As such, a 
temperature controiiing system can be selected that can cooi a solid support, for 
example, to a temperature of 4*C or less, or 0"C or less, or -20 l 'C or less, or - 
5 S0''C or less, including, if desired, to about the temperature of dry ice, or liquid 
nitrogen, or liquid helium; or can heat a solid support, for example, to 25"C or 
more, or 37°C or more, or 45°C or more, or 65 n C or more, or 90°C or more, 
including, if desired, to temperatures greater than 100"C. A temperature 
controiiing system that can heat or coo! a solid support within a temperature 

10 range of about -2QT to about 95°C can be particularly useful as a component of 
an open system that is to be used for performing biological reactions or reactions 
involving biological materials, since the reaction volume, including the reactants 
can be maintained at a low temperature prior to initiating the reaction, then can 
be adjusted to the appropriate temperature or temperatures for performing the 

15 desired reaction. 

A thermoelectric module can be particularly useful as a temperature 
controlling system in an open system as disclosed herein. A thermoelectric 
module is a solid state device that can be used as a heat pump, utilizing the 
Peltier effect, to move heat. Depending on the direction that module moves 

20 heat, it can be used to heat or cool a solid support. A single thermoelectric 
module generally can achieve a temperature difference of about 60°C to 70°C, 
and several such modules can be used in combination to attain a temperature 
difference of up to ISTC. Furthermore, by reversing the direction of the current 
to the module, the direction heat is moved can be reversed. Thus, the 

25 thermoelectric module can be used to reversibiy heat and cool a support and, 
therefore, a reaction mixture such a s a PGR reaction located at a target site on 
the support. Thermoelectric modules are commercially available {Melcor, 
Trenton NJ; Americool, Nashua HH). 

A temperature controlling system such as the Peltier Thermal Cycler 

30 (PTC-200 DNA Engine; M.J. Research, Inc., Watertown MA) is an example of a 
temperature controlling system that can be integrated into an open system as 
disclosed herein. The PTC-200 DNA Engine utiles a Peltier- Joule heat pump; 
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has a temperature range of -5°C to 105°C; provides temperature homogeneity of 
samples within 30 seconds of reaching 90°C; accepts a variety of sample 
supports, including microscope slides and multi-welt plates; and conveniently can 
be interfaced with a computer. An LFI-3526 system, which contains a 22W 
5 Peltier element controlled by a programmable thermoelectric temperature 

controller (Wavelength Electronic, Inc., Bczeman MT; see Examples), is another 
example of a temperature controlling system useful in an open system as 
disclosed. 

An electronic temperature controlling system also can be incorporated 
10 into an open system as disclosed (see Burns et a/., Proc. Natl. Acad. Sci., USA 
93:5556-5561 !1996}}. An electronic temperature controlling system can be 
conveniently constructed, for example, In a microchip using well known methods 
(see, for example, WooiSey et a/. Anal. Ch em, 68:4081-4086 (1996)). Such an 
electronic temperature controlling system allows thermal cycling using a pulsed 
15 width modifier and, therefore, can be useful for example, for perfotming PCR 
reactions (Woof ley eta/. ( Anal, Chem. 68:4081-4086 {1996); see, also, Ross et 
at. Anal. Chem. 70:2067-2073 (19981; Belgrader etaL, Clin. Chem. 44:2191- 
2194 (1998)}. 

A temperature controlling system also can include a temperature 
20 measuring system, which can be used to determine the temperature of a solid 
support, particularly of a liquid present at a target site on the surface of the 
support. A temperature measuring system can be, for example, a thermocouple, 
thermometer, or the like, which can be in contact with a liquid on the support 
and, therefore, directly determine the temperature of the liquid, or can be in 
25 contact with the solid support, thereby providing an indication of the 

temperature of the liquid. A temperature also can be, for example, an infrared 
detector, which can monitor the temperature of a liquid at a target site without 
contacting the support. The use of thermocouples can be particularly convenient 
because they can be very small in size and can be constructed, for example, into 
30 microchips (see Woolley et aL ( Anal. C hem. 68:4081-4086 {1996}}. A 
thermocouple can be in direct contact with a target site, including with a 
reaction volume at each target site in an array on a solid support, thereby 
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allowing precise monitoring of the temperature of each reaction simultaneously, 
input from such thermocouples can be incorporated into an algorithm that allows 
a calculation of the evaporation rate of liquid from each reaction mixture in an 
array, and, through the appropriate interface, indicates an amount of liquid to be 
5 dispensed to each target site that corresponds to the amount that evaporates 
from a reaction mixture. Such a means for monitoring the temperature of a 
number of reaction volumes simultaneously can be particularly useful since 
different reactions may be being performed at different sites in the array, or 
because the rate of heating or cooling of different reaction mixtures on a soiid 

10 support are not identical due, for exampie, to inhomogeneities in the support or 
to different concentrations of reagents in a mixture. 

The temperature generated by the temperature controlling system and, 
therefore, the temperature of the solid support, also can be determined based on 
the particular setting of the temperature controlling system, the physical nature 

15 of the solid support, and the time the temperature is applied to the support. 
Such temperatures can be calculated based on known parameters, or can be 
determined empirically by heating or cooling a support for incremental periods of 
time, at incremental temperatures., and measuring the temperature of the support 
accordingly. 

20 Liquid Dispensing/Removing Systems 

Dispensing 

A liquid dispensing system can be an active apparatus, which can be a 
mechanical, electrical, pressure or pneumatic driven liquid dispensing system, for 
example, a piezo electric pipette driven by mechanical pressure; or can be a 

25 passive apparatus, which contains a reservoir, in addition, a iiquid dispensing 
system can contain a heating element, for example, microresistors, which 
provides the ability to maintain a iiquid in the system at a desired temperature, 
for example, at or near a reaction temperature. 

A liquid dispensing system can include a single fluid transmitting vesicle 

30 or multiple vesicles, which can be manipulated independently or together in 
parallel. A fluid transmitting vesicle can be a solid vesicle, to which the liquid 
can adsorb and be transferred, or can have a bore, through which the liquid is 
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transferred. Thus, a fluid transmitting vesicle can be a pipet, particularly a 
micropipet, which contains 3 chamber for holding or transferring the liquid and 
an end from which the liquid can be dispensed to a target site; a pin too!, which 
can have a bore, or can be solid vesicle, which, when dipped into a chamber 
5 holding a liquid, adsorbs a volume of the liquid, which then can be transferred to 
a target site; or a liquid sonicating, vaporizing or ink jet device, which contains a 
chamber for holding the liquid, and an end from which the liquid is dispensed in 
droplets, the volume and rate of dispensing of which can be adjusted as desired. 
A fluid transmitting vesicle can be formed of a metal, composite, glass, silica, or 

10 polymeric material, or any other suitable material. A nanoliter liquid dispensing 
system such as a nanoliter pipet can be particularly useful in a system as 
disclosed. Nanoliter dispensing systems are provided, for example, in copending 
allowed U.S. application Serial No. 08/787,639, U.S. application Serial No. 
08/736,988, and Internationa! PCT application No. WO 38/20166, which claims 

15 priority to the U.S. applications. 

A iiquid dispensing system can be part of a liquid handling system, which 
can contain, in addition to the liquid dispensing system, a chamber for holding a 
iiquid to be dispensed. Such a chamber can be used to directly provide the 
liquid dispensing system with the appropriate iiquid to be dispensed, or can be 

20 connected to the liquid dispensing system by a conduit, which mediates transfer 
of the liquid from the holding chamber to the dispensing system, A conduit can 
be any suitable conduit, for example, plastic or stainless steel tubing, and can be 
particularly useful if it can be sterilized without impairing its function. Where it 
is desirable to dispense a liquid to a target site at 3 particular temperature, the 

25 liquid dispensing system, as discussed above, or a component of a liquid 

handling system can be maintained at the particular temperature such that the 
liquid is dispensed at the desired temperature. An advantage of a liquid handling 
system is that it can contain more than one holding chamber and, therefore, can 
conveniently allow more than one liquid to be dispensed from a single liquid 

30 dispensing system, for example, from a pin having a bore, without a need to 
change the position of the iiquid dispensing system with respect to the target 
site. Such a system is particularly convenient where the fluid transmitting 


WO 00/56446 


FCT/USOO/0628S 


35- 

vesicle, for example, a pin too!, has n array of fluid transmitting vesicles, which 
are positioned with respect to a corresponding array of target sites on a solid 
support. 

A liquid dispensing system allows an amount of liquid, preferably a 
5 controlled amount, to be dispensed to a target site. The liquid can be dispensed 
as a continuous stream, or as droplets, which can be dispensed continuously or 
in a burst mode. The amount of liquid dispensed C3n be any amount, as desired, 
including a submicroliter amount or less, and can be dispensed for the purpose 
of maintaining a liquid at a predetermined volume, or for initiating, terminating or 

10 changing the conditions of a reaction at the target site. 

A iiquid dispensing system can dispense one or more liquids to a single 
target site, or can dispense one or more liquids serially or in parallel to multiple 
target sites, which can be in an array. A liquid dispensing system useful for 
dispensing a predetermined amount of a liquid in parallel can include, for 

15 example, an assembly of liquid transmitting systems such as pins, each of which 
can have a narrow interior chamber suitable for holding a volume of the iiquid to 
be dispensed (see, for example, International PCT application No. W038/20186}. 
The pins can be fit inside a housing, which can have an interior chamber 
connected, for example, to a pressure source that regulates the flow of liquid 

20 through a pin, thereby allowing controlled dispensing of a predetermined volume 
of the liquid. Alternatively, the liquid dispensing system can include a jet 
assembly and a transducer element mounted to a pin, and can dispense an 
amount of iiquid to a target site by spraying the liquid from the pin, or by 
allowing a drop of the liquid to form on the tip of the pin, where it can be 

25 contacted to the target site and dispensed. 

A liquid dispensing system can include a single chamber for holding a 
liquid and, therefore, allow a single iiquid to be dispensed, or can contain several 
chambers, each of which can hold a different liquid and variably can be in 
connection with the fluid transmitting vesicle. As such, a liquid dispensing 

30 system can include a selection element having, for example, a pressure source or 
a piezoelectric element coupled to a iiquid holding chamber and in 
communication with the fluid dispensing vesicle such that, at a selected pressure 
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condition or a selected voStage, a particular liquid is dispensed at a 
predetermined amount. Such a selection element conveniently can be interfaced 
with and controlled by a computer algorithm, which can be monitoring a rate of 
evaporation of a liquid from a target site, and can aliow one or more liquids to be 
5 dispensed to a target site, or serially or in parallel to a plurality of target sites, in 
addition, a liquid dispensing system can dispense a liquid at any desired 
temperature, particularly the temperature at which a reaction is performed, or a 
temperature such as about 4 U C, which, for example, can suspend a biological 
reaction. A nanoiiter dispensing device, such as the NANO-PLOTTER NP1c {sold 

10 by GeSiro; Dresden Germany) is an example of a liquid dispensing system that 
can be incorporated into an open system as disclosed (see Examples). The 
Nano-Piotter is a modular device that can be combined in a variety of ways 
depending upon the intended application. It is designed to spot microdroplets 
arrays onto flat substrates or microwell plates. The device as sold contains from 

15 one to eight rnicropipettes. For use herein, the device can be modified by 

including heating/cooling elements or heating means to heat the reservoir or the 
micropipetter or other portions thereof, preferably the surface of the target 
support, to heat or coo! the liquid or surface prior to dispensing liquid to avoid a 
temperature gradient or change upon addition of liquid to a reaction mixture, 

20 Other nanoiiter dispensing devices can aiso be used or adapted for use in these 
systems (see, e.g., copending allowed U.S. application Serial No. 08/787,639, 
U.S. application Serial Ho. 08/786,988, and international PCT application No. 
WO 98/20166, which claims priority to the U.S. applications, which describe 
nanoiiter dispensing devices and systems;. 

25 The liquid dispensing system can dispense a liquid, which generaily is 

reagent grade or better, or can dispense a solution containing the liquid. For 
example, in one aspect, the methods as disclosed provide diagnostic assays, the 
results of which can be analyzed using, for example, mass spectrometry, 
capillary electrophoresis, a charge coupled device, or a fiber optic system. 

30 Where a method such as MALOI-TOF mass spectrometry is used to analyze a 

component of a reaction, the sample to be analyzed is mixed with an appropriate 
matrix material (see, for example, U.S. Patent No. 5,605,798; international PCT 
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application No. W096/29431 ; Internationa! PCT application No. WO98/20019). 
As such, a liquid dispensing system can be used to dispense a matrix solution to 
a target site, prior to subjecting the sample at the target site to mass 
spectrometry, 
5 liquid Removing 

An open system as disclosed herein also can include a device for 
removing a liquid, which can be a reaction mixture, from a target site and 
transferring it to another target site or to a chamber for disposal. Such a device 
provides a convenient means to terminate a reaction, change the reaction 

10 conditions, wash a sample, or the like. Accordingly, in an embodiment, the 

liquid dispensing system also can function to remove a liquid from a target site. 
The hquid dispensing system, or independent device, can remove a liquid from a 
target site by contacting the fluid transmitting vesicle to the liquid to be removed 
and, for example, allowing capillary action to draw the liquid into the vesicle or 

15 applying a negative pressure to the vesicle. The removed liquid can be 

transferred to another location, which can be another target site or a chamber 
for disposal, and the fluid transmitting vesicle can be washed, if desired, and 
positioned for further use. A device for removing a liquid from a target site also 
can be a device that facilitates evaporation of the liquid from the target site, for 

20 example, a fan or other device for passing a stream of air or other gas over the 
liquid. 

Regulation of Liquid Dispensing System 

The liquid dispensing system is regulated so as to dispense a defined 
amount of a liquid to a target site. The amount of liquid dispensed can 

25 correspond to an amount of liquid lost due to evaporation or can be any desired 
amount of liquid, including a reaction mixture or a solution containing 
components of a reaction mixture. The liquid dispensing system can be 
regulated manually or can be regulated semi-automaticalSy or automatically 
based, for example, on instructions from a computer or other signal transmitting 

30 system, which can be interfaced with the temperature controlling system {or a 
temperature sensing device}, with the liquid dispensing system, or with the 
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temperature controlling system (or temperature sensing device} and the liquid 
dispensing system. 

A signa! transmitting system can be any system that indicates an amount 
of liquid to be dispensed, For exampie, where the amount of liquid to be 
5 dispensed corresponds to an amount of liquid lost from a target site due to 
evaporation, the signal transmitting system can be any system that provides an 
indication of the amount of liquid lost. The amount of a iiquid iost from a 
volume in an unsealed environment depends on the vapor pressure of the iiquid, 
•which is a function, in part, of the temperature; the surface area of the iiquid 

10 exposed to the environment; the nature of the environment, including, for 
exampie, its relative humidity; and the time during which liquid can be lost. 
Since these parameters wiil be known or are determinable for a particular set of 
conditions, tables can be constructed for predicting an amount of a particular 
liquid that will be lost in a period of time from a known volume of the liquid 

15 applied to a particular target sire at a known temperature. Accordingly, for 
purposes of the present disclosure, such a table is considered a signai 
transmitting system because an individual, monitoring the temperature and time 
of a particular reaction, can manipulate the liquid dispensing system to dispense 
an amount of iiquid as indicated by the table. 

20 For semi-automatic or automatic regulation of the liquid dispensing 

system, the signa! transmitting system can be a conventional digital data 
processing system, for example, an IBM PC compatible computer system, an 
Apple computer or a UNIX based system, that is suitable for processing data and 
for executing program instructions that wiii provide information that can be 

25 communicated to the iiquid dispensing system. Such a signal transmitting 
system can be any type of system suitable for processing a program of 
instructions that will operate the iiquid dispensing system, although the system 
need not necessarily be programmable and can be a single board computet 
having a firmware memory for storing instructions relevant to regulating the 

30 liquid dispensing system. 

A signal transmitting system can monitor the temperature of a solid 
support containing a target site directly, for exampie, by interfacing with a 
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temperature sensing device, or indirectly, for example, based on the setting of 
the temperature controlling device and information relating to the chemical and 
physical nature of the solid support. Alternatively, or in addition, the signa! 
transmitting system can be interfaced with the liquid dispensing system. For 
5 example, for semi-automatic operation, the signa! transmitting system can be 
interfaced with either the liquid dispensing system or the temperature controlling 
system, and the component of the system that is not interfaced with the signal 
transmitting system can be operated manually by an individual. More 
conveniently, however, the temperature controlling system and the liquid 

10 dispensing system are interfaced with the signal transmitting system, and the 
entire system is operated automatically. 

A signa! transmitting system also can interface directly with the target 
site, including directly with the liquid. For example, a signal transmitting system 
can include a circuit in a microchip, where the circuit is interrupted by a wei! in 

15 the chip. Upon dispensing a liquid into such a weii, the liquid can complete the 
circuit, in particular, the volume of liquid required to complete the circuit is 
indicative of the predetermined volume, which is to be maintained. Accordingly, 
where evaporation of the liquid occurs to the point that the level of the liquid 
decreases below the level required to maintain the circuit, an indication is 

20 provided that a liquid is to be dispensed to the target site. Upon dispensing a 
sufficient volume of the liquid such that the circuit is reestablished, dispensing of 
the liquid is terminated. 

A signal transmitting system also can include a microbalance, which can 
detect minute changes in the weight of a support due to evaporation of a liquid 

25 from the surface of the support, in addition, a signal transmitting system can 
include a light source, which can be of any desired wavelength, and a detectot 
appropriate for the light source. The light can be provided to a target site, for 
example, using a fiber optic, and the amount of diffraction of the fight, or the 
transmission or absorption of photons can be monitored. A change in the 

30 amount of such a parameter can indicate, simifarly to the circuit system 
discussed above, that the level of the liquid has decreased beiow a 
predetermined value, or, as discussed beiow, that an undesirable amount of 
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evaporation has occurred. Such information then cart be communicated such 
that an amount of liquid is dispensed to the target site that corresponds to the 
amount that has evaporated, thereby maintaining the volume of the liquid at a 
predetermined level. 

5 A spectrophotometry detector system, for example, can include a laser, 

which can be a helium-argon laser, a helium-neon !3ser, an ultraviolet laser, or a 
laser that emits green or blue light, or can be a light emitting diode !LEDS, for 
example, a blue or a green LED. Such a detector system can be particularly 
useful where the support, is a glass or silicon chip, which has welis or the like 

tO having a base that allows transmission of the particular wavefength of Sight. 

Using such a support, the light can be transmitted from below the chip, through 
the sample, and can be detected by a detector placed above the well. The light 
transmitting system and detector can be a single source, or can be arranged in 
an array that corresponds to positions of the target sites on the support. 

15 Furthermore, such a spectrophotometnc system can be separate from the open 
system for maintaining a volume of a liquid in an unsealed environment, and the 
support can be repositioned to the detector system when desired. Preferably, 
however, the spectrophotometry system is integrated into. the open system, 
thus allowing online monitoring of a reaction, in such an integrated system, a 

20 temperature controlling system such as a Peltier element is constructed with 

holes at positions corresponding to the target sites, particularly to the position at 
which the light source transmits the light to the support. 

The use of a spectrophotometnc system can allow monitoring of a 
reaction, for example, where the reactants are labeled with an appropriate 

25 fluorescent, luminescent or cherniluminescent moiety, for example, a reaction 
performed using the TaqMan™ assay {see Examples). The light transmitting 
system and detector are selected based on the particular wavelength of light 
desired. Such a spectrophotometry system also is useful for monitoring the 
volume of a liquid at a target site, as disclosed above, for example, by detecting 

30 a change in the diffraction, transmission or absorbance of photons that reach the 
detector. Depending on the particular liquid at the target site, including the 
desired predetermined volume to be maintained, the reactants, when present, in 
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the liquid, and the iike, tables can be constructed that indicate, for example, the 
amount of light transmitted to a detector that signals an undesirable amount of 
evaporation of the liquid, such that a liquid dispensing system dispenses an 
amount of liquid that corresponds to the amount that evaporated. 
5 Detection systems 

A reaction mixture, including a component added to the mixture, for 
example, a substrate, or an intermediate or product produced by the reaction, 
can be monitored using any detection system appropriate for the material being 
examined. The detection system is selected based in the particular materia! to 

10 be detected, and can be matched with a particular label where the material to be 
detected based on identifying the presence of a Sahe! attached to the material. 
Since the disclosed systems and methods are particularly useful for performing 
reactions in small volumes, particularly submicroliter volumes, the materia! to be 
detected generally is present in only a very small amount. Accordingly, the 

15 detection system is selected, in part, on its sensitivity for detecting the material. 

A detection system can be a photometric or spectrophotometry system, 
which can detect ultraviolet, visible or Infrared light, including fluorescence or 
chemiluminescence; a radiation detection system; a spectroscopic system such 
as nuclear magnetic resonance spectroscopy, mass spectrometry or surface 

20 enhanced Raman spectrometry; a charge coupled device; a system such as ge! 
or capillary electrophoresis or gel exclusion chromatography; or other detection 
system known in the art, or combinations thereof, 

A mass spectrometry detection system can be usefu! in an open system 
as disclosed because it can detect the presence of very small amounts of a 

25 material, for example, a biopotymer, and, at the same time provides an indication 
of the identity of the detected material, in addition, mass spectrometry does not 
require labelling a material to be detected, although the materials can be 
"labeled," for example, by incorporating mass differentiating functional groups 
into the materials where a multiplex reaction is to be performed. Mass 

30 spectrometry also is useful because the systems and methods disclosed herein 
can utilize a solid support such as a microchip, which can be introduced 
conveniently into the mass spectrometer. 
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A usefuf mass spectrometry detection system can be any of various 
formats, including ionization {1} techniques such as matrix assisted iaser 
desorption (MAID!), continuous or pulsed electrospray {£SU, ionspray, 
thermospray, or massive cluster impact (MCI). Such ion sources can be 
5 matched conveniently with a detection format, inciuding linear or reflectron time- 
of --flight (TOR, single or multiple quadruple, single or multiple magnetic sector, 
Fourier transform ion cyclotron resonance (FTICR), ion trap, and combinations 
thereof to yield a hybrid detector, for example, ion-trap/time-of-flight. For 
ionization, numerous matrix/wavelength combinations {MALDI) or solvent 

10 combinations (£S1) can be employed. MALOI-TOF mass spectrometry, including 
delayed extraction MALDI-TOF mass spectrometry is particularly useful as a 
detection system {see, for example, International PCT application 
No. WO98/20019; see, aSso, Whittai et a/., Anal. Chem, 70:5344-o347 {1998), 
describing the use of MALDI-TOF mass spectrometry for the analysis of proteins 

15 isolated from single ceils). 

A charge coupled device (CCD) camera can be useful for detecting and 
imaging fluorescent, chemiluminescent or radionuclide labeled materials. Such a 
detection system has been adapted to analysis of reactions on microchips, and 
can allow the detection of thousands of binding reactions performed on a 

20 microchip (see Eggers and Ehriich, HemaioJ....Pathol. 9:1-15 {1995); see, also, 
Eggers eta/., Bjotechnigyes 17:516-525 (1994). Using a CCD detecting 
system, biopoiymers, which can bind an appropriately labeled material, or 
reagents that can bind an appropriately labeled material such as a fluorescently 
labeled biopoiymer, are immobilized directly on the pixels of a CCD, and, 

25 following a reaction as desired, bound labeled materials are detected at the 
specific pixel location. The signal obtained from a CCD can be displayed, if 
desired, and can allow a quantitative determination, for example, of binding 
events. Furthermore, since the signal obtained using a CCD detector is received 
in real time, the signal can be used as an indication of the extent of a reaction, 

30 and can be interfaced with the liquid dispensing system to cause an amount of a 
liquid to be dispensed, for example, to terminate the reaction, or to change the 
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conditions of the reaction such that a second reaction can be performed at the 
particular target site. 

Where a substrate, or a product of a reaction to be detected, is labeled 
using, for example, a luminescent, fluorescent or chemiiuminescent iabel, a fiber 
5 optic system can be used as a deiection system (see, for example, Clark et a!. 
CHEMTECH 28:20-25 (1998)). Fiber optics are particularly useful because their 
small size permits the monitoring of individual target sites, for example, in an 
array of target sites on a microchip, in addition, a fiber optic system can provide 
the additional function of monitoring the level of a liquid, as disclosed above. 

10 Other detection systems inciuding laser scanners (Cheung et al., Nature 
fienet, 21:1519 (1999), capillary electrophoresis (Hadd et at,, An ai. Chem. 
69:3407-3412 ( 1 99"?}, and epifluorescence microscopy {Fodor et af. , Science 
251:767773 (1991) have been adapted to microchip devices and glass slides 
and can be used in an open system as disclosed herein. 

15 METHODS 

Methods for maintaining a volume of a liquid in an unsealed environment 
also are provided. Such a method can be performed in an open system, for 
example, by determining the temperature of a solid support having a target site, 
which can contain the volume of liquid; and, based on the temperature, 

20 dispensing at the target site an amount of liquid required to maintain the volume 
of the liquid. The amount of liquid to be dispensed can be determined, for 
example, using a computer algorithm that can calculate, based on various 
parameters, including the temperature of the support, the chemicai nature of the 
liquid, and the volume to be maintained, the amount of fiquid that evaporates 

25 from the site, such that the amount of liquid dispensed corresponds to the 

amount of liquid that evaporates. Alternatively, the volume can be monitored, 
for example, by a microscopic examination, using an appropriate optical system, 
or by a video imaging technique, such that, as the volume of a liquid at a target 
site decreases, liquid can be dispensed to maintain the volume within acceptable 

30 parameters. In another embodiment, the volume can be monitored by tracking 
the meniscus of the liquid and determining when the meniscus decreases below 
a defined point. Such monitoring can be performed by detecting a change in a 
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circuit due to a decrease in the amount of liquid below a level required to 
maintain the circuit, or by a change in the quality of light being transmitted into 
the iiquid. 

Methods for performing a reaction in an unsealed environment also are 
5 provided. Such a method can be performed, for example, by determining the 
temperature of a solid support, which includes a target site containing a volume 
of the reaction mixture; and dispensing into the reaction mixture an amount of 
liquid required to maintain the volume. Such a method is particularly usefui 
where the reaction mixture has a volume of a few microliters or jess., generally a 

10 volume of about 20 microliters or less, and particularly about 500 nanoiifers or 
iess. The disclosed methods aiso are useful for performing submtcmSiter 
reactions at temperatures where the vapor pressure of a liquid in the reaction 
mixture is undesirably high, for example, about 2,5 kifoPascals (kPa) or greater, 
particularly about 5 kPa or greater, or about 10 kPa or greater, such that 

15 evaporation of the liquid can substantially change the volume of the reaction 
mixture and adversely affect the reaction. 

The disclosed methods are useful, for example, for performing a reaction 
in an aqueous environment at a temperature greater than about 22X {room 
temperature; RT; 72°F), particularly at a temperature about 37°C or greater, 

20 where the vapor pressure for water is 2.8447 kPa at 22°C, 6.2795 kPa at 37°C, 
and 84.529 kPa at 95°C ("Handbook of Chemistry and Physics" 75th ed. (CRC 
Press, Inc., 1994); see pages 6-15 to 8-17; see, also, 6-77 to 6-108; and 15-43 
to 1 5-49K As such, the disclosed methods can be used, for example, to 
perform various chemical, physical and biological reactions such as synthesis of 

25 a combinatorial library, a mammalian cell transfection, or a polymerase chain 
reaction. 

A method for maintaining a volume, particularly a submicroiiter volume, of 
a reaction mixture on a solid support in an unsealed environment can be 
performed by determining the rate of evaporation of a iiquid from the reaction 
30 mixture; and dispensing into the reaction mixture an amount of liquid that 
corresponds to the amount of liquid that evaporates, thereby maintaining the 
volume of the reaction mixture. 


WO 00/56446 


PCT/US00/06288 


-45- 

Such a method can be useful, for example, where the reaction mixture 
contains a biopoiymer, which can be a substrate or a product of the reaction, 
following a reaction using a method as disclosed herein, the biopoiymer or 
products of the biopoiymer can be detected, either directly or indirectly. As 
5 such, the disclosed methods are useful for determining the sequence of a 
biopoiymer, for synthesizing a biopoiymer from mcnomeric subunits, and for 
detecting the presence of a particular biopoiymer, for example, in a biological 
sample. Various methods for detecting a biopoiymer are exemplified herein and 
other methods, which are selected based, in part, on the particular type of 

10 biopoiymer, are weli known to those in the art. 

A method as disclosed herein can be useful for essentially any type of 
reaction, including, for example, where the substrate is a biopoiymer, a biological 
reaction such as an enzyme-mediated polymerization, ligation, cloning, or a 
degradation reaction; a physical reaction such as a nucleic acid hybridisation, the 

15 binding of a nucleic acid regulatory element by a particular nucleic acid binding 
polypeptide, or homodimerization or heterodimerization of polypeptides; or a 
Chemical reaction such as a chemical labeling reaction, chemical synthesis of the 
biopoiymer; or a chemical cleavage of the biopoiymer, for example, cyanogen 
bromide cleavage of a polypeptide at a methionine residue or dimethylsuffate 

20 cleavage of a carbohydrate end group. The reaction also can be a chemical 
synthesis reaction, tor example, synthesis of a combinatorial library of small 
molecules or of biopolymers; or can be a hydrolysis reaction such as a 
polysaccharide hydrolysis reaction. 

A method as disclosed herein also is useful for a reaction involving a 

25 living cell. For example, the reaction can be a method of introducing a 

recombinant nucleic acid molecule, which can be contained in a vector, into a 
host cell in order to produce copies of the recombinant nucleic acid molecule or 
to express a polypeptide encoded thereby. Such a polypeptide can be isolated, 
if desired, or can be expressed for the purpose of providing an advantage to the 

30 cell expressing the polypeptide. The reaction also can involve contacting a ceii 
with a physical, chemical or biological agent in order to identify a change in gene 
expression in the cell, for example, by imposing a heat shock on the ceiis, or by 


WO 00/56446 


PCT/US08/0&288 


-46- 

contacting the cells with a putative medicament. An open system as disclosed 
herein is useful for such reactions because it allows precise control of the 
reaction conditions, particularly the ability to maintain the reaction at a 
predetermined volume. Furthermore, because the reactions can be performed in 
5 very small volumes, studies involving only one or a fev/ cells can be performed 
{see, for example, Clark et at. CHEMTECH 28:20-26 (1998)). 
Sequencing Reactions 

The methods disclosed herein can be used for a biopolymer sequencing 
reaction. For example, the biopolymer can be a polynucleotide, which can be 

10 sequenced using the Maxani-Gilbert chemical cleavage method, or an enzymatic 
reaction such as the Sanger-Couison chain termination method or an 
exonuelease cleavage method. A biopolymer sequencing reaction such as the 
Maxam-Gilbert method or Sanger-Couison method conveniently can be 
performed, for example, on a microchip, in which a number of reactions, 

1 5 including the four (or five) base specific reaction, can be performed in parallel on 
one or more polynucleotides, or a single base reaction can be performed on a 
number of different polynucleotide sequences. Such methods of polynucleotide 
sequencing result in the production of nested fragments of the polynucleotide, 
which can be detected using various methods, particularly mass spectrometry, 

20 including matrix-assisted laser desorption/ionteatson tirne-of-f light {MALDI-TOF) 
mass spectrometry or capillary electrophoresis. 

In a chain termination sequencing reaction, for example, each reaction 
mixture is an aqueous solution, containing a polymerase, four nucleoside 
triphosphates, and a chain terminating nucleoside triphosphate; the water in the 

25 reaction mixture is susceptible to evaporation during the reaction, which 

generally is performed at a temperature of about 37"C. Particularly where the 
reaction is performed in a submieroliter volume on a solid support in an unsealed 
environment, the water can evaporate almost completely in a short period of 
time and, even where the reaction mixture does not evaporate to dryness, the 

30 loss of water volume can substantially alter the kinetics of the polymerase 

reaction, including the fidelity of nucleotide incorporation, and produce spurious 
results. A method as disclosed herein avoids such a problem by dispensing into 


